Objective The aim of this study was to evaluate recent publications and determine the impact of ejaculatory abstinence on semen analysis parameters as well as fertility outcomes. Methods This was a systematic review of 28 recent publications. The focus of this study was the impact of abstinence on semen parameters and fertility outcomes in papers published since the year 2000. The specific parameters evaluated were volume, sperm count, motility, morphology, pH, DNA fragmentation rate, viability, and pregnancy or fertilization rates following assisted reproduction. Results Twenty-eight recent publications met inclusion criteria. Analysis of publications showed that longer abstinence is associated with increases in semen volume and sperm count. Studies evaluating the effect of abstinence on motility, morphology, and DNA fragmentation rates are contradictory and inconclusive, although a trend appears to exist toward improvements in semen parameters with shorter abstinence. Semen pH was unaffected by abstinence. The majority of publications found no difference in rates of viability with varying abstinence times, although total number of viable sperm increases with increasing abstinence. Some studies evaluating the impact of ejaculatory abstinence on intrauterine insemination (IUI), intracytoplasmic sperm injection (ICSI), and in vitro fertilization (IVF) demonstrated an association between short abstinence and improved outcomes. Conclusions The impact of abstinence on sperm quality is complex. While certain semen parameters improve with longer abstinence, others appear to improve with shorter abstinence. No clear recommendations can be made regarding ideal abstinence due to the conflicting nature of current evidence. Going forward, more research is needed to evaluate the impact of abstinence on pregnancy and fertilization rates.
Introduction
Many factors impact semen parameters for sperm samples used in assisted reproductive procedures. One of the factors affecting semen quality is abstinence time, or the time between ejaculatory events. The World Health Organization (WHO) recommends that for testing and analysis, semen samples should be collected after a minimum of 2 days and a maximum of 7 days of sexual abstinence [1] . Studies have evaluated duration of abstinence and sperm quality to determine if the 2-to 7-day abstinence recommendations yield the highest quality sperm [2] [3] [4] [5] . Data have challenged the WHO recommendations, questioning the role of arbitrary abstinence times and occasionally demonstrating improvement of semen parameters after different abstinence intervals [3] . In certain studies, shorter abstinence did not negatively impact sperm quality. Strategies which alter recommended abstinence times could optimize sperm quality. Although current abstinence recommendations are for testing and analysis purposes only, it is possible that varying abstinence could lead to higher clinical rates of conception [4] . While seminal volume may decline with more frequent ejaculatory events, total sperm count, motility, morphology, and vitality may not be significantly affected [5] . However, other findings suggest that short abstinence periods of less than 24 h negatively impact sperm quality [2] . Controversy remains regarding ideal abstinence recommendations. The purpose of this study is to evaluate publications since the year 2000 to determine whether recent scientific literature supports an ideal time frame for sexual abstinence prior to semen analysis, which may have implications for assisted reproductive technologies. This study differs from many retrospective cohort studies addressing this issue by providing a comprehensive summary of recent literature, allowing for a broad perspective on the somewhat contradictory nature of publications related to this topic.
Materials and methods
An electronic search was conducted on January 20, 2017, using three databases. The specific databases were Medline, Scopus, and the Current Index to Nursing and Allied Health Literature (CINAHL). An initial search strategy used a combination of the following MeSH terms: semen, abstinence, sexual abstinence, ejaculatory abstinence, semen analysis, sperm count, sperm motility, sperm morphology, semen parameters, semen quality, sperm integrity, and sperm viability. This search strategy yielded 957 de-duplicated search results (see Fig. 1 for details regarding the search strategy).
Titles and abstracts from the 957 preliminary results were reviewed for relevance. Ultimately, 28 articles were chosen by two individuals to be highly relevant. Individual discussion was held regarding discrepant articles with a decision to include or exclude the study made by the two individuals reviewing the publications. Studies were included when the following criteria were fulfilled: participants were human male subjects who had undergone semen collection with subsequent semen analysis; abstinence time prior to semen collection was assessed as part of the data collection; and the impact of abstinence on semen parameters was included as part of the results of the publication. Studies evaluating men with normal and abnormal semen parameters were included. In order to provide a recent summary of the literature, studies published prior to the year 2000 were excluded. For details regarding the publications selected for inclusion in the systematic review, refer to Table 1 .
Results
In this systematic review, the effects of abstinence on semen volume, total sperm count (not concentration), motility, morphology, semen pH, DNA fragmentation rate, viability, and pregnancy outcomes following assisted reproductive technology were evaluated.
Semen volume
Seventeen studies included in this review evaluated the impact of abstinence on semen volume (see the study results in Table 1 ). A summary of key findings based on multiple parameters can be found in Table 2 . Fifteen of the 17 studies (88.2%) demonstrated that with longer abstinence, men can achieve statistically significant increases in overall semen volume [4, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Using a gradual scale based on specific definitions of abstinence provided by each study, no studies demonstrated decreases in semen volume with longer abstinence times.
Two of the 17 studies (11.8%) did not find statistically significant differences in semen volume with varying abstinence [20, 21] . Of the studies which did not find an association between abstinence time and semen volume, one specifically evaluated oligozoospermic men [20] . While this may represent a unique patient population where abstinence could have less of an impact on semen volume, the study by Sugiyam et al. which is included in this review also evaluated oligozoospermic men and was able to demonstrate that semen volume increased with increasing abstinence [17] . The final study which did not demonstrate a relationship between abstinence time and semen volume was a within-subject comparison of two semen samples collected after a Bshorter abstinence^period of 1 to 4 days and a Blonger abstinencep eriod of up to 5 days, but at least 24 h longer than the Bshorter abstinence^collection [21] . The structure of this study resulted in many samples differing by only 24 h in abstinence time, which may explain the lack of a statistically significant increase in volume with longer abstinence. Overall, a strong correlation appears to exist between longer abstinence time and increased semen volume. Specifically, abstinence times of greater than 5 days showed significant increases in volume.
Total sperm count
Eleven studies included in this review evaluated the effect of abstinence time on total sperm count (see the results of the relevant studies in Table 1 ). All of the 11 relevant studies demonstrated that increased total sperm count was associated with longer abstinence time [4, 9-12, 14, 16, 18, 22-24] . It should be noted that all included studies reported total sperm count, not concentration. While the definition of long abstinence time varied based on the specific parameters of each study, a strong direct relationship exists between an abstinence time cutoff of greater than 5 days and increasing total sperm count. Four of the 11 studies evaluated the impact of frequent ejaculation (24 h) and found that total sperm count decreased with daily ejaculation when compared to any longer period of abstinence [9] [10] [11] 23] . Due to the previously noted strong direct relationship between increasing abstinence and increasing semen volume, it is logical that total sperm count would also be expected to rise with increasing abstinence.
Motility
Twenty-three publications included in this review evaluated the impact of abstinence on sperm motility rates ( Table 1 ). Studies that reported total motile count but did not report the percentage of motile sperm were excluded in order to eliminate the confounding impact of volume and overall sperm count on this parameter. The effect of abstinence time on motility demonstrated conflicting results overall. Ten of the 23 studies (43.5%) were unable to show significant alterations in motility with varying abstinence times. These ten studies evaluated various populations, including healthy fertile men as well as oligozoospermic men [4-6, 8, 9, 13, 15, 18, 22, 25] . One of the studies demonstrating no impact of abstinence time on motility specifically evaluated progressive motility [5] . The remaining nine studies evaluated total motility as it relates to abstinence time.
Thirteen of the 23 publications evaluating motility (56.5%) demonstrated a significant effect of abstinence on motility. While the structure of the individual studies varied in terms of specific abstinence time evaluated, when an association was demonstrated, a trend was seen toward improved motility with shorter abstinence times. Using an abstinence time cutoff of less than 3 days, ten of the publications included in this review specifically noted peak motility in samples within this time frame [3, 10, 12, 14, 17, 19, 20, 24, 26, 27] . Three of the 13 studies demonstrating an association between abstinence time and motility noted peak motility following 4 or 5 days of abstinence [7, 21, 28] . No studies demonstrated peak motility at an abstinence time greater than 5 days. Progressive motility was evaluated in five of the 13 studies which demonstrated an association between abstinence time and motility, with peak progressive motility noted after abstinence of 3 days or less in four of the five studies [12, 19, 24, 27, 28] . The remaining eight studies which demonstrated an impact between abstinence time and motility evaluated total motility. Table 1 ). One study evaluated morphology using Kruger's strict criteria [9] . The remaining studies used the World Health Organization criteria for evaluation of morphology. Eleven of the 16 studies which evaluated this issue (68.8%) did not show significant differences in morphology with varying abstinence times [5-9, 13, 16, 18, 19, 21, 25] . These 11 studies included primarily healthy men or men with suspected infertility. Importantly, of the studies which failed to show a difference in morphology based on varying abstinence times, none included populations with known abnormal sperm parameters such as oligozoospermia or asthenozoospermia, possibly suggesting that changes in morphology based on varying abstinence may be minimal in the healthy male population.
Only five of the 16 publications (31.2%) identified an association between abstinence time and morphology [3, 10, [26] [27] [28] . No clear consensus was apparent regarding an ideal abstinence time to maximize morphology. Due to methodologic differences between relevant studies, peak morphology was reported at various abstinence times. Abstinence times associated with peak morphology ranged from very brief abstinence of 30 to 40 min to much longer abstinence times of 3 to 8 days [26, 27] . While studies which failed to demonstrate a difference in morphology based on abstinence time were primarily performed in healthy men or populations without previously known semen abnormalities, three of the studies demonstrating changes in morphology based on abstinence time were performed in oligozoospermic men [3, 26, 27] . While it is difficult to draw definitive conclusions based on this limited data, men with abnormal semen parameters such as oligozoospermia may be a specific population that + signifies an increase in parameter as abstinence time increases -signifies a decrease in parameter as abstinence time increases
BNo change^signifies no significant difference in parameter with varying abstinence time A gray box indicates that the specific parameter was not evaluated in the study *For within-subject testing. Between-subject testing showed decreased motility and worsened morphology with increasing abstinence **Increase in total number of viable sperm with increased abstinence Studies which demonstrated a reduction in sperm count with short abstinence demonstrates a difference in morphology with varying abstinence.
Additional parameters
In addition to the parameters of volume, count, motility, and morphology, many studies included in this review evaluated the effect of abstinence on other semen parameters or outcomes. The specific outcomes which will be discussed below are semen pH, DNA fragmentation, viability, and pregnancy outcomes. Three studies evaluated the impact of abstinence time on semen pH [4, 8, 19] . Uniformly, these studies demonstrated that there was no effect on pH with varying abstinence times (see Table 1 ). While there is no mechanistic explanation to suggest semen pH should be altered with varying abstinence times, pH was chosen as an included parameter since the acidbase environment of semen is known to have a profound effect on semen quality [29] . The studies included in this review are reassuring that despite variations in abstinence time, pH appears to remain stable.
One of the overall measures of semen stability is the rate of DNA fragmentation, which was evaluated in eight of the publications included in this review [2, 4, 5, 9, 15, 23, 30, 31] (see study results in Table 1 ). Increased rates of DNA fragmentation are correlated with poorer overall sperm quality. Five studies evaluated DNA fragmentation rates using the flow cytometry technique [4, 5, 8, 9, 23] while the remaining three studies evaluated DNA fragmentation rates using sperm chromatin dispersion testing [15, 30, 31] . Of the publications included in this review, four studies did not show any significant • 1 study evaluating pregnancy rates with IUI after varying abstinence: the highest pregnancy rates were seen following < 3 days of abstinence • 1 study evaluating pregnancy rates with ICSI after varying abstinence: the highest pregnancy rates were seen following 24 h of abstinence • 1 study evaluating fertilization rates with IVF after varying abstinence: the highest fertilization rates were seen following 30-60 min of abstinence changes in rates of DNA fragmentation with varying abstinence times prior to sample collection [2, 5, 9, 23] . Of note, all four of these studies utilized the flow cytometry technique to measure DNA fragmentation rates. However, the remaining four studies addressing this issue found an impact of abstinence time on DNA fragmentation rates [4, 15, 30, 31] . The four studies demonstrating an impact found that DNA fragmentation rates were lower with shorter abstinence periods, indicating that sperm DNA quality may be worsened by longer abstinence. Abstinence times of 24 h or less were associated with the lowest rates of DNA fragmentation in the studies which showed a correlation between these two factors. Of the four studies demonstrating an association between abstinence time and DNA fragmentation rate, the study by Agarwal et al. utilized the flow cytometry technique, and the remaining three studies utilized sperm chromatin dispersion testing [4, 15, 30, 31] . In addition to abstinence time, differences in technique and the ability to measure DNA fragmentation rates may impact correlations between abstinence and this parameter. Five studies included in this review evaluated the impact of abstinence on sperm viability [4, 5, 8, 16, 21 ] (see Table 1 ). Four of the five studies (80%) found that there was no significant difference in rates of viable sperm with varying abstinence [4, 5, 8, 21] . Only one study demonstrated that abstinence time did affect viability [16] . The study by Sunanda et al. which demonstrated a difference in viability based on abstinence time specifically evaluated total number of viable sperm. This study concluded that with longer abstinence time of 6 or 7 days, the total number of viable sperm increased. It should be noted that this differed in methodology from the majority of studies which did not show an impact of abstinence time on viability since the four studies showing no difference reported viability as a percentage of viable sperm rather than the total number of viable sperm. An increase in total number of viable sperm would be expected with increasing abstinence time since semen volume and total sperm count would increase as well.
Three studies looked at pregnancy outcomes from semen samples collected following various abstinence times [15, 17, 24] . While pregnancy outcomes are clearly impacted by numerous factors, shorter abstinence times appeared to be associated with improvements in pregnancy rates following assisted reproductive technology. A 2005 study by Jurema et al. evaluated 417 male partners of couples undergoing intrauterine insemination (IUI). This study noted that the highest IUI pregnancy rates were observed using sperm samples which had been collected after an abstinence period of 3 days or less [24] . A 2013 publication by Sanchez-Martin et al. evaluated 40 male partners of couples undergoing intracytoplasmic sperm injection (ICSI) and found that daily ejaculation resulted in significant increases in pregnancy rates following ICSI [15] . A 2008 study by Sugiyam et al. evaluated 22 men with a history of oligoasthenozoospermia who were undergoing in vitro fertilization (IVF) and found that samples collected after a very brief period of abstinence (30 to 60 min) resulted in higher IVF fertilization rates [17] . These studies differed from the majority of studies included in this review which only evaluated semen parameters and did not assess pregnancy outcomes.
Discussion
Data regarding abstinence and semen parameters in the literature is extremely heterogenous, and many publications from several decades ago may no longer be relevant due to newer technology and changes in semen analysis technique. This review attempts to clarify the body of recent information by summarizing trends within the literature since the year 2000 based on individual semen analysis parameters. This systematic review suggests that longer abstinence appears to be associated with improvements in semen volume and sperm count. With few exceptions, the majority of publications support the notion that increased duration of ejaculatory abstinence leads to increased semen volume [4, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Similarly, all of the publications evaluating abstinence and sperm count demonstrated increased count with longer abstinence [4, 9-12, 14, 16, 18, 22-24] . Viewed independently, these findings indicate that longer abstinence time improves semen quality.
However, the effect of abstinence on motility, morphology, DNA fragmentation rate, and viability is contradictory and inconclusive [3-10, 12-28, 30, 31] . There does not appear to be any change in semen pH with varying abstinence [4, 8, 19] . With such discrepant data related to the association between abstinence and many semen parameters, it appears that further studies are necessary to elucidate whether an impact truly exists between abstinence and these measures. Many retrospective cohort studies have published data which suggest various abstinence times to maximize certain semen parameters, but when the recent literature is viewed in its entirety, it becomes difficult to draw conclusions. If abstinence does alter parameters such as motility, morphology, and DNA fragmentation rates, the trend toward shorter abstinence to improve these parameters would be in opposition to improvements seen in semen volume and sperm count with longer abstinence time.
IUI, ICSI, and IVF pregnancy rates appear to be highest in the setting of short abstinence, although this is an area which is significantly lacking in the literature. Overall, abstinence of less than 3 days was associated with significantly higher pregnancy rates and fertilization rates in IUI, ICSI, and IVF [15, 17, 24] . The question of whether shorter abstinence is associated with improvements in fertility outcomes is worthy of further investigation since achieving pregnancy is the ultimate goal of maximizing semen parameters. No clear recommendations can be made regarding ideal abstinence time due to the conflicting or inconclusive nature of this topic, but based on current information, the WHO 2-to 7-day abstinence recommendations appear to be arbitrary [1] . Furthermore, while longer abstinence may improve volume and count, problems with these parameters can generally be overcome with assisted reproductive techniques. While semen analysis is the cornerstone for male fertility testing, it remains imperfect in its ability to predict the fertilizing potential of spermatozoa. Which semen parameter is most predictive of subsequent fertility is a question which remains unanswered. This issue is complicated by the fact that many of the functional changes that sperm undergo during the process of fertilization cannot be assessed by semen analysis [32] . Going forward, more information is needed regarding the impact of abstinence on pregnancy and fertilization rates since this would be a clinically useful area of study.
Limitations
As with any literature review, the methodologic quality of the included studies was variable. Many of the studies included relatively small sample sizes. The significance of data from smaller studies should not be ignored, although the larger studies included in this review had the statistical power to provide more convincing evidence. While many publications evaluated healthy men or sperm donors, other studies specifically included men with known semen abnormalities, which may limit the application of findings when dealing with specific patient populations. Another limitation was that the majority of publications included in this systematic review evaluated multiple semen parameters, but not all studies evaluated the same parameters, making it difficult to draw strong conclusions about specific parameters. Additionally, variations in laboratory measurements of specific parameters such as motility and morphology may limit the external validity of the data. Ultimately, the goal of maximizing semen parameters is to achieve pregnancy. Unfortunately, only three of the studies included pregnancy outcomes as part of their results.
